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(54) Method of manufacturing diamond heat sink 

(57) A diamond poly crystal body having metal films 
on its upper and lower surfaces is prepared. The dia- 
mond polycrystal body is cut in the vertical direction to 
form a diamond polycrystal body piece (1 ) having upper 
and lower surfaces and a cut surface connecting the up- 



per and lower surfaces. The cut surface of diamond 
polycrystal body piece (1) is plasma-treated. A method 
of manufacturing a diamond heat sink removed of a 
damage layer on its cut surface and having prescribed 
insulation is thus provided. 
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Description 

The present invention relates generally to methods 
of manufacturing a diamond heat sink, and more partic- 
ularly, to a method of manufacturing a diamond heat sink 
produced by metallizing a diamond surface formed by 
means of vapor phase synthesization. 

In association with developments in the high infor- 
mation-intensive society, the performance of semicon- 
ductor devices such as semiconductor laser diode and 
IMPATT diode used for transmitting information have 
been remarkably improved. In order to further improve 
the performance of these semiconductor devices, ther- 
mal energy generated from these devices should be ra- 
diated to restrict temperature increase. The heat sink is 
used for such heat radiation. The material known as the 
best for the heat sink was li a type natural diamond. 

Meanwhile, heat sinks have been produced using 
synthetic diamond, and such heat sinks exhibit high 
thermal conductivity comparable to II a type natural dia- 
mond, with a smaller variation in quality, and therefore 
have stable heat radiation performance, contributing to 
improvements in the performance/reliability of various 
semiconductor devices and prolonging the life of the de- 
vices. 

The present invention relates to a method of man- 
ufacturing a diamond heat sink produced by metallizing 
a surface of such synthetic diamond, in other words dia- 
mond synthesized by means of vapor phase synthesi- 
zation. 

Five specific examples of a conventional method of 
manufacturing a diamond heat sink will be now de- 
scribed. In a first conventional example, a diamond poly- 
crystal body is cut into pieces of a prescribed shape by 
a diamond saw. The diamond pieces cut into a pre- 
scribed shape are arranged close to each other and 
metallized. Metallizing the upper and lower surfaces 
completes the diamond heat sink. 

In a second conventional example, a diamond poly- 
crystal body is cut into pieces of a prescribed shape by 
a diamond saw. After metallizing the entire surface, an 
end faces are ground using a grind stone to leave the 
metal film only at the upper and lower surfaces and the 
diamond heat sink is completed. 

In a third example, a diamond polycrystal body hav- 
ing its surface metallized is cut into pieces of a pre- 
scribed shape by a diamond saw to complete a diamond 
heat sink. 

In a fourth example, as disclosed by Japanese Pat- 
ent Laying-Open No. 5-11467, after metallizing the sur- 
face of a diamond polycrystal body, grooves are made 
in the diamond using a laser, followed by mechanical 
separation to complete a diamond heat sink. 

In a fifth conventional example, diamond is cut into 
pieces of a prescribed shape by a laser. The conductive 
portion of each end face is removed by means of an ox- 
idation treatment, and then the pieces are arranged 
close to each other for metallization. Thus metallizing 
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the upper and lower surfaces completes a diamond heat 
sink. 

Diamond heat sinks have been conventionally man- 
ufactured as described above. 
5 in a cutting method using a diamond saw, however, 
a diamond polycrystal body cannot be highly precisely 
cut or a large margin is necessary for cutting. 

A margin for grinding should be further taken into 
account for grinding. A method using a laser provides 

10 precise cutting, but a conductive layer (graphite layer) 
is sometimes formed at a cut surface due to damages 
caused by the laser. An oxidation treatment to remove 
the conductive layer is therefore necessary. In that case, 
after a diamond polycrystal body is cut into pieces of a 

15 prescribed shape, metallization should be performed. 
However, after cutting a diamond polycrystal body into 
pieces of a prescribed shape, metallization with a com- 
plicated pattern using photolithography or the like can- 
not be performed. 

20 Furthermore, in the above-described method of 
making grooves using a laser after metallizaion, a chip 
portion is formed at an end surface in the final mechan- 
ical separation process. 

The present invention is directed to solutions to the 

25 above-described problems, and it is an object of the in- 
vention to provide an improved method of manufactur- 
ing a diamond heat sink which permits precise and effi- 
cient processing. 

In a method of manufacturing a diamond heat sink 

30 according to the present invention, a diamond polycrys- 
tal body having metal films on its upper and lower sur- 
faces is prepared. The diamond polycrystal body is cut 
in the vertical direction to form diamond polycrystal body 
pieces having upper and lower surfaces and a cut sur- 

35 face connecting the upper and lower surfaces. The cut 
surface of the diamond polycrystal body piece is sub- 
jected to plasma treatment. 

Since the cut surface of the diamond polycrystal 
body piece is plasma-treated, damages on the cut sur- 

40 face are removed, a diamond heat sink having a pre- 
scribed insulation property is obtained. 

According to a preferred embodiment of the inven- 
tion, a diamond polycrystal body is cut using a YAG laser 
or an exima laser, and therefore precise and efficient 

45 processing may be achieved. 

According to the preferred embodiment of the in- 
vention, the above-described plasma treatment is per- 
formed using oxygen, halogen s a halogen compound or 
an inert gas. Thus, diamond having a clean surface re- 

50 suits. 

According to the preferred embodiment of the in- 
vention, the above-described plasma processing is per- 
formed while protecting the surface other than the cut 
surface using a resin film softer than the metal film. 
55 According to another preferred embodiment of the 
invention, CF 4 is used as a halogen compound to opti- 
mize the CF 4 /0 2 percentage. If CF 4 exceeds 70 %, the 
effect of damaging a metallized layer exceeds the effect 
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of removing a damage layer on diamond, CF 4 is desir- 
ably not more than 70 %. In order to minimize damages 
given to the metal film, the percentage is preferably not 
more than 50 %. 

Damaged layers of diamond may be removed using 5 
only oxygen, but the percentage of CF 4 /0 2 is desirably 
not less than 5 %. Thus, the diamond surface after re- 
moval of the damaged layers is flat. 

Damages are removed such that the electrical re- 
sistance of the upper and lower surfaces of the diamond 
heat sink is not less than 1X10 6 CI. The value is an in- 
sulation resistance value generally necessary for a sem- 
iconductor laser, and the performance of a semiconduc- 
tor laser is lowered with resistance less than the value. 

Since a diamond polycrystal body having a thermal 
conductivity of at least 5 w/cmK is used, the resultant 
heat sink can achieve sufficient performance. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings and given by way of example. 

Fig. 1 is a chart showing a process of manufacturing 
a diamond heat sink; 

Fig. 2 is a view showing a main step in a method of 
manufacturing a diamond heat sink according to a 
first embodiment; 

Figs. 3A and 3B are views showing a first step in a 
main part of a method of manufacturing a diamond 
heat sink according to a second embodiment of the 
invention; 

Figs. 4A and 4B are views showing a second step 
in the main part of the method of manufacturing a 
diamond heat sink according to the second embod- 
iment; and 

Fig. 5 is a view showing a third step in the main part 
of the method of manufacturing a diamond heat sink 
according to the second embodiment. 

Fig. 1 is a process chart schematically showing a 
method of manufacturing a diamond heat sink according 
to one embodiment of the invention. A polycrystal dia- 
mond body is manufactured. The polycrystal diamond 
body is metallized, and metal films (also referred to as 
metallized layers) are formed on the upper and lower 
surfaces of the diamond body. The metal films are pat- 
terned. The patterning of the metal films will be later de- 
scribed. The diamond polycrystal body are cut in the ver- 
tical direction into diamond polycrystal pieces having 
upper and lower surfaces and a cut surface connecting 
the upper and lower surfaces. The cut surfaces of the 
diamond polycrystal pieces are plasma-treated for insu- 
lation. 

Embodiments of the invention will be now described 
in conjunction with the accompanying drawings. 



First Embodiment 

A diamond polycrystal body was synthesized by 
means of filament CVD. The diamond polycrystal body 
was formed to have a size of 0.3 mm in thickness and 
25.4 mm in both longitudinal and transverse directions. 
The polycrystal body was finished into a thickness of 
0.25 mm by grinding processing. 

Metal films were formed both on the upper and low- 
er surfaces of thus ground diamond polycrystal body in 
the order of Ti, Pt, Au and a gold-tin alloy by means of 
sputtering. Ti is as thick as 600 A, Pt 800 A, Au 10000 
A and the gold-tin alloy 30000 A. 

The upper surface of the uppermost metal film was 
applied with photoresist by means of spin -coating, a pat- 
tern corresponding to a device to be packaged was 
transferred onto photoresist by means of photolithogra- 
phy, and a metal film pattern was formed by means of 
ion beam etching. 

The diamond polycrystal body having the metal film 
pattern was cut into a lattice, to form a diamond poly- 
crystal body heat sink (also referred to as polycrystal 
body pieces). The resulting diamond polycrystal body 
heat sink was damaged by a YAG laser, a graphite layer 
is formed on the diamond cut surface, which attained 
conductivity and the resistance of the upper and lower 
surfaces was not more than 10 2 £1 

Referring to Fig. 2, diamond heat sink 1 and a buffer 
member 2 of Teflon resin were placed upon each other 
and introduced into a reactive ion etching device (RIE 
device) so that the cut surface is exposed to plasma. By 
placing buffer member 2 and heat sink 1 upon each oth- 
er as shown, only the cut surface is subjected to plasma 
and the surfaces of the metal films will not be exposed 
to plasma. Etching was conducted with 50 seem oxygen, 
and 20 seem CF 4 at an RF power of 300 W and under 
the total pressure of 50 mTorr for 1 minute. 

As a result, a damage layer of the cut surface was 
removed and the resistance between the upper and low- 
er surfaces was 5X10 9 Q, in other words a prescribed 
insulation was secured. 

Second Embodiment 

A diamond polycrystal body was synthesized by mi- 
crowave plasma CVD. The diamond polycrystal body 
was formed into a size of 0.8 mm in thickness and 30 
mm(J>. The diamond polycrystal body was then finished 
into a thickness of 0.6 mm by grinding processing. On 
the upper and lower surfaces of the ground diamond 
polycrystal body, Ti, Pt, Au and a gold-tin alloy were de- 
posited in this order by means of vapor deposition to 
form metal films. The thicknesses of Ti, Pt, Au, and the 
gold-tin alloy were 500 A, 400 A, 10000 A, and 50000 
A, respectively. 

As is the case with the first embodiment, a metal 
film pattern was formed on the upper surface by means 
of photolithography. The diamond polycrystal body hav- 
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ing the patterned metal film was cut into 6 mm x 2 mm 
pieces by a YAG laser. The polycrystal body pieces had 
damages caused by the YAG laser, their cut surfaces 
attained conductivity, and the resistance of the upper 
and lower surfaces of the diamond polycrystal body 
pieces was not more than 1 0 3 CI. 

Referring to Fig. 3A, a Jig 3 having an opening 3a 
to hold diamond polycrystal body piece 1 upright is pre- 
pared. Diamond polycrystal piece 1 is held upright in jig 
3. At the time, polycrystal body piece is fixed in jig 3 such 
that the cut surface of polycrystal body piece 1 is ex- 
posed. Fig. 3B is a plan view showing how diamond 
polycrystal body piece 1 is set in the opening 3a of jig 3. 

Referring to Fig. 4A, a metal film mask (as thick as 
50u/n) 5 having a slit 6 for exposing the cut surface of 
diamond polycrystal body piece 1 is placed on jig 3. Met- 
al mask 5 is provided to prevent oxygen ions from com- 
ing into the gold-tin alloy surface provided on diamond 
polycrystal body piece 1 . Fig. 4B is a partial plan view 
showing how metal mask 5 is placed on jig 3. 

Referring to Fig. 5, jig 3 having metal mask 5 fixed 
thereon is introduced into the RIE device for RIE 
processing. The etching was conducted at the total 
pressure of 10 mTorr, and on RF power of 300 W with 
50 seem 0 2 for 30 minutes. 

Referring to Fig. 5, a graphite component of dia- 
mond polycrystal body piece 1 formed by damages giv- 
en by a YAG laser was etched away by oxygen ion plas- 
ma?, and the resistance of the upper and lower surfaces 
was 4X10 9 Q, in other words prescribed insulation was 
secured. 

As in the foregoing, according to the present inven- 
tion, a cut surface of a diamond polycrystal body piece 
is plasma-treated, and therefore a graphite component 
formed on the cut surface is etched away, so that pre- 
scribed insulation is advantageously secured. 
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1. A method of manufacturing a diamond heat sink, 
comprising the steps of: 

preparing a diamond polycrystal body having 
metal films formed on its upper and lower sur- 
faces; 

cutting said diamond polycrystal body in the 
vertical direction, thereby forming a diamond 
polycrystal body piece (1) having upper and 
lower surfaces and a cut surface connecting the 
upper and lower surfaces; and 
plasma-treating said cut surface of said dia- 
mond polycrystal body piece (1). 

2. A method as claimed in claim 1 , wherein 

said diamond polycrystal body is cut using a 
YAG laser or an exima laser. 



3. A method as claimed in claim 1 or claim 2, wherein 

said plasma-treatment is performed using ox- 
ygen, a halogen, a halogen compound or an inert 
gas or a mixture of two or more thereof. 

4. A method as claimed in any one of the preceding 
claims, wherein 

the plasma-treatment of said cut surface of 
said diamond polycrystal body piece (1) is per- 
formed by masking the surface other than said cut 
surface with resin (2) which is softer than said metal 
film. 

5. A method as claimed in claim 1 , wherein 

said plasma-treatment of said cut surface of 
said diamond polycrystal body piece (1) is per- 
formed using a metal mask (5) to mask said upper 
and lower surfaces so that said plasma is prevented 
from coming into said upper and lower surfaces of 
said diamond polycrystal body piece (1). 

6. A method as claimed in any one of the preceding 
claims, wherein 

said plasma-treatment is performed until the 
electrical resistance between said upper and lower 
surfaces becomes at least 1 X10 6 CI. 

7. A method as claimed in any one of the preceding 
claims, wherein 

said diamond polycrystal body has a thermal 
conductivity of at least 5 w/cmK. 

8. A method as claimed in any one of the preceding 
claims, wherein 

said plasma treatment is performed using <D 2 
and CF 4 . 

9. A method as claimed in claim 8, wherein 

CF 4 /0 2 does not exceed 70 %. 

10. A method as claimed in claim 9, wherein 

CF 4 /0 2 is in the range of from 5 % to 50 %. 
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FIG. 1 
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(54) Method of manufacturing diamond heat sink 

(57) A diamond polycrystal body having metal films 
on its upper and lower surfaces is prepared. The dia- 
mond polycrystal body is cut in the vertical direction to 
form a diamond polycrystal body piece (1 ) having upper 
and lower surfaces and a cut surface connecting the up- 



per and lower surfaces. The cut surface of diamond 
polycrystal body piece (1) is plasma-treated. A method 
of manufacturing a diamond heat sink removed of a 
damage layer on its cut surface and having prescribed 
insulation is thus provided. 
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